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IntroductIon
T ype 2 diabetes mellitus (T2DM) is a metabolic disorder with a high mortality and morbidity rate due to a number of complications associated with it.
[1] The increased global burden of diseases and their associated mortality risks led to the development of several risk prediction models with the view of predicting disease complications and short-term mortality.
In 2013, De Cosmo et al. [2] developed and validated a predicting model (Gargano mortality risk calculator) of all-cause mortality in patients with T2DM. On the basis of its calculation of categorical variables, the Gargano model, available online at http://www.operapadrepio.it/ rcalc.php, stratifies patients into low, medium, or high risks of dying from any diabetes-related cause within 2
Background:
There is at present the dearth of information on the possible contribution of insulin resistance to scores obtained from mortality risk estimation in patients with type 2 diabetes mellitus (T2DM). Aim: This study determined the mortality risk scores in patients with T2DM and its relationship with insulin resistance. Methods: Fasting plasma glucose, total cholesterol, high-density lipoprotein cholesterol (HDL), triglycerides, serum and urinary creatinine, glycated hemoglobin (HbA1c), serum insulin, and urinary albumin were determined in 111 T2DM patients. Thereafter, low-density lipoprotein cholesterol (LDL), quantitative insulin sensitivity check index (QUICKI), urinary albumin-to-creatinine ratio (UACR), and estimated glomerular filtration rate (eGFR) were calculated using the standard formula. Mortality risk was estimated using the validated Gargano mortality risk calculator with scores ≤0.67, 0.68-0.79, and ≥0.80 considered as low, intermediate, and high risks, respectively. Results: Of the total patients, 5 (4.5%), 28 (25.2%), and 78 (70.3%) patients had high, intermediate, and low mortality risk, respectively. There was no difference in the median QUICKI values when the three groups were compared. However, there was a significant elevation in the median eGFR in patients with high mortality risk compared with patients with low and intermediate mortality risks. Also, the median mortality risk score of patients with low insulin sensitivity (QUICKI ≤0.3) was similar to that obtained in patients with normal insulin sensitivity (QUICKI ≥0.31). No significant correlation was found between QUICKI and mortality risk scores. Conclusion: Insulin sensitivity status does not have a direct effect on scores obtained from the Gargano mortality risk prediction model.
Insulin Sensitivity and Mortality Risk Estimation in Patients with Type 2 Diabetes Mellitus
mortality risk prediction models paved way for research on mortality risk estimation, there is at present no information on the possible contribution of insulin resistance on the scores generated from the various mortality prediction models. Understanding this relationship might be necessary as some components of the Gargano mortality risk calculator such as blood pressure and lipid profile are affected by insulin resistance.
This study was therefore carried out to determine the relationship between insulin resistance/sensitivity and scores obtained from the Gargano mortality risk calculator.
MAterIAls And Methods

Subjects
A total of 111 adults with T2DM were recruited into this cross-sectional study from the Endocrinology Unit, Medical Out Patient Department (MOPD), and the Metabolic Research Ward (MRW), University College Hospital (UCH), Ibadan. They consisted of 29 males and 82 females between the age range of 40 and 85 years.
Ethical consideration
All the participants were enrolled after an approval from the University of Ibadan/University College Hospital (UI/ UCH) Join Ethics Committee (UI/EC/14/0118). Written informed consent was also obtained from each participant.
Exclusion criteria
Patients with type 1 DM, gestational DM, and T2DM who were younger than 40 years were excluded from the study.
Data collection
Demographic characteristics and clinical history were obtained using a standard questionnaire. Blood pressure was determined using a mercury sphygmomanometer after the patients have rested for at least 10 minutes and in a sitting position. Body weight of each patient was measured to the nearest kilogram using a standard weighing scale and the height was measured to the nearest centimeter using a stadiometer. The body mass index (BMI) was calculated as the ratio of the body weight to the square of the height. Waist circumference was measured using a measuring tape placed at the umbilical level, whereas the hip circumference was measured at the widest circumference of the hip over light clothing, using a nonstretchable measuring tape. The waist-to-hip ratio was calculated as the ratio of waist circumference to hip circumference.
Sample collection and storage
After an overnight fast, 10 ml of venous blood was collected from each patient and dispensed into fluoride oxalate, lithium heparin, and plain bottles to obtain plasma and serum which were stored at -20 °C until analyses.
Laboratory analysis
Glucose, total cholesterol, HDL, TG, and creatinine levels were determined using enzymatic methods. HbA1c, urinary albumin, and insulin levels were determined using boronate affinity chromatography, immunoturbidimeric method, and ELISA (GenWay Biotech Inc., USA), respectively.
Calculation of the indices of insulin sensitivity
The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated as:
HOMA-IR values <3, 3-5, and >5 were considered as normal, moderate, and severe insulin resistance, respectively. [6] Quantitative insulin check index (QUICKI) was calculated as:
QUICKI values ≥0.31 and ≤0.30 were considered as normal and low insulin sensitivity, respectively. [7] Estimated glomerular filtration rate (eGFR) eGFR was determined using the Modification of Diet in Renal disease (MDRD) formula: GFR = 175 × serum Cr -1.154 × age -0.203 × 1.212 (if patient is black) × 0.742 (if female). [8] Calculation of urinary albumin-to-creatinine ratio (UACR) UACR (mg/g) was calculated as: urine albumin (mg/dL)/ urine creatinine (g/dL)
Since Gargano mortality risk calculator requires UACR in mg/mmol, the UACR values in mg/g were multiplied by 0.113 to give values in mg/mmol.
Determination of mortality risk
The online Gargano mortality risk calculator was used to derive the mortality risk score of each patient. Nine patient characteristics: age, BMI, diastolic pressure, LDL, HDL, TG, UACR, antihypertensive treatment, and insulin therapy were plugged into the calculator to generate the scores. Thereafter, patients were stratified into three groups: low (≤0.67), intermediate (0.68-0.79), and high (≥0.80) mortality risk groups.
[2] The calculator is available online at http://www.operapadrepio.it/rcalc.php Classifying the patients into two groups based on QUICKI values, it was observed that 65.77% of the patients had normal insulin sensitivity, whereas 34.23% had low insulin sensitivity. Comparing these two groups, it was observed that the median levels of TG, urinary albumin, and not surprisingly, glucose, insulin, HbA1c, and HOMA-IR were significantly higher in patients with low insulin sensitivity (LIS) compared with patients with normal insulin sensitivity (NIS). However, the median mortality risk scores of the two groups were similar [ Table 1 ].
Although HOMA-IR has been reported not to be reliable in individuals with severely impaired or absent β-cell function, the insulin resistance status of the patients was assessed since the components of HOMA-IR were derived from the steady state (fasting). As shown in Table 2 , it was observed that 20.7%, 49.6%, and 29.7% of the patients had normal (NIR), moderate (MIR), and severe (SIR) insulin resistance, respectively. Comparing the patients based on the insulin resistance, as expected, glucose and insulin levels increased progressively, whereas the median QUICKI values decreased progressively from the normal through the severe group. The median glucose and insulin levels were significantly higher, whereas QUICKI was significantly lower in
Statistical analysis
After assessing the distribution of all the variables, ANOVA, Krukal Wallis, Student's t, and Mann-Whitney U were used to determine differences in means and medians of the variables as appropriate. Spearman's correlation was used to determine the strength of relationship between QUICKI and all other parameters. Data are presented as mean ± standard deviation or median (interquartile range) depending on the distribution of the data. P<0.05 was considered as statistically significant.
results
A total of 111 patients were recruited into this crosssectional study. Seventy-nine (71.2%) of the patients had had DM for 10 years or less, whereas the remaining 32 (28.8%) patients had had DM for more than 10 years. Also, majority of the patients (61.3%) had good glycaemic control (HbA1c ≤7.0%). Considering the drugs of the patients, 87 (78.4%) of the patients were on oral anti-hyperglycaemic drugs, whereas the remaining 24 (21.6%) patients were on insulin.
The Gargano mortality risk scores obtained showed that 78 (70.27%), 28 (25.23%), and 5(4.50%) of the patients had low, intermediate, and high mortality risk, respectively.
MIR and SIR compared with NIR. Furthermore, the median levels of glucose, insulin, and HbA1c were significantly higher, whereas the median QUICKI value was significantly lower in SIR compared with MIR. However, the median mortality risk scores were similar between the three groups.
In Table 3 , the comparison was made between all the clinical and biochemical parameters based on mortality risk scores. It was observed that there was progressive increase in the mean age, waist-hip ratio (WHR), and the median UACR from the low-risk group (LR) through the high-risk group (HR). The median urinary albumin and UACR as well as the mean hip circumference (HC) and WHR were significantly higher in the intermediate risk group (IR) than LR. In HR, the mean WHR was significantly higher in HR compared with LR. However, QUICKI and HOMA-IR values were similar between the three groups. Significantly different from moderate insulin resistance (MIR). DBP = diastolic blood pressure, FSI = fasting serum insulin, SBP = systolic blood pressure, UACR = urinary albumin creatinine ratio, WHR = waist-to-hip ratio.
As shown in Table 4 , QUICKI had an inverse relationship with urinary albumin, UACR, glucose, insulin, HbA1c, and HOMA-IR.
dIscussIon
Type 2 diabetes mellitus (T2DM) is associated with various complications which increase the risk of mortality and morbidity. [9] In this study, the observed lower percentages of patients with high and intermediate mortality risk probably indicate that most of the patients are well managed. This observation is further supported by the observed lower number of participants with low insulin sensitivity. Majority (65.77%) of the patients had normal insulin sensitivity.
Hypertriglyceridemia has been reported as the commonest abnormality in individuals with insulin resistance. [10, 11] The observed higher TG level in LIS compared with NIS supports earlier report. [12] This observation indicates that albuminuria. [16] It is, however, known that albuminuria is an important biomarker to predict micro and macrovascular complications and mortality in patients with T2DM. [20] The observed higher UACR in IR and HR compared with LR corroborates the report of Basi et al. [14] Albuminuria is an important predictor of endstage renal disease (ESRD) and of mortality in T2DM. [21] This might explain why UACR was included as a component of the mortality risk predictor model.
Insulin resistance has been shown to be a predictor of increased mortality in patients with diabetes and end-stage renal disease. [22] [23] [24] Surprisingly, however, QUICKI and HOMA-IR values were similar between LR, IR, and HR. This observation might indicate that insulin sensitivity status might not contribute directly to increased mortality in T2DM but indirectly, through T2DM-associated complications. This observation is further supported by the observed nonsignificant correlation between the mortality risk score and QUICKI.
The small sample size was a limitation of this study. Therefore, there is need for a prospective larger population study to confirm the findings in this study. Although the observed lower percentage of participants (4.5%) with high risk of mortality (HR) was a positive finding, the observation in this study cannot be generalized as it might not be the same in rural areas of Nigeria where access to good health and specialized physicians might not be available to T2DM patients.
conclusIon
It could be concluded from this study that insulin sensitivity status does not have a direct effect on scores obtained from mortality risk estimation. Also, majority of our patients have low mortality risk and are, therefore, not likely to die from diabetes-related complications within the next 2 years, as the Gargano mortality risk prediction model portends.
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There are no conflicts of interest. the LIS group is prone to various cardiovascular diseases associated with insulin resistance. In the insulin resistant state, insulin is unable to inhibit lipolysis; thus, there is over production of free fatty acids (FFA) in the plasma and increased FFA uptake by the liver. [13] Higher levels of albuminuria are associated with increased risk of mortality and cardiovascular events in patients with diabetes mellitus. [14] Urinary albumin is an early indicator of renal failure and typically progresses from micro-albuminuria to overt nephropathy if not properly managed. The observed elevated urinary albumin in LIS compared with NIS is in line with the report of Mykkanen et al. [15] Accumulating evidence suggests that there is an association between insulin sensitivity and albuminuria. [16] The observed higher levels of glucose, insulin, and HbA1c in patients with low insulin sensitivity (LIS) compared with patients with normal insulin sensitivity (NIS) are not surprising. Hyperglycemia, hyperinsulinemia, and increased glycation of hemoglobin are important features of T2DM. Usually, insulin resistance manifests as impaired insulin-mediated glucose disposal, inhibition of lipolysis, or inhibition of gluconeogenesis, which often results in hyperinsulinemia. [17] The observed higher HOMA-IR in LIS compared with NIS is also not unexpected. It has been shown that there is an inverse relationship between QUICKI and HOMA-IR. [18] Reports have shown that HOMA-IR may not give appropriate results in subjects with severely impaired or absent β-cell function. However, since the components of HOMA-IR were derived from the steady (fasting) state, the insulin resistance status of the patients was assessed. The observed progressive rise in glucose and insulin levels and the progressive decrease in the QUICKI values in NIR through SIR are in line with our observations in LIS compared with NIS. Similarly, HbA1c demonstrated a similar trend as it was significantly higher in SIR compared with MIR and NIR. These observations further confirm that insulin resistance initiates a cascade of physiological and biochemical changes in patients with T2DM.
The waist-to-hip ratio (WHR), a marker of visceral obesity, correlates positively with fasting plasma glucose and has been reported to be a risk factor for T2DM development. [19] This probably explains the observed elevated WHR in IR and HR groups compared with LR.
It is at present unknown whether insulin resistance and albuminuria emerge in parallel as a consequence of a common pathogenic pathway or whether insulin resistance is a causal factor for the pathogenesis of 
